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Abstract

The enpirical nodeling of inperfectly conpetitive nmarkets
has been constrained by the difficulty of obtaining mcro data on
i ndi vi dual producer prices, outputs, and costs. In this paper we
utilize mcro data collected fromthe 1977 Census of Manufactures
to study the determ nants of plant-|evel output prices anong U S
bread producers. A theoretical nodel of short-run price
conpetition anong plants producing differentiated products is
used to specify reduced-form equations for each plant's price and
output. Estimates of the reduced-form equations indicate that
the main determ nants of both the plant's output |evel and out put
price are the plant's own cost variables, particularly its
capital stock and the prices of material inputs. The nunber of
rival producers faced by the plant, the production costs of these
rivals, and the demand conditions faced by the plant play no role
in price or output determnation. The results are not consistent
with either oligopolistic conpetition or nonopoly behavior, but
rather are consistent with price-taking behavior by individual
producers conbined with output quality differentials across
producers.
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1. Introduction

For approximately the last forty years industrial organization econom sts
have undertaken enpirical studies to deternmne if an increase in the nunber of
producers results in nore conpetitive market outcomes. |In recent years a
nunber of enpirical studies, many under the inspiration and gui dance of
Leonard Wi ss, have focused directly on the rel ationship between the price of
output in a market and the nunber or size distribution of competitors. The
main finding of this literature is clearly stated by Schnal ensee (1989,

p.988); "lIn cross-section conparisons involving markets in the sane industry,
seller concentration is positively related to the level of price." !

The net hodol ogy used in these price-concentration studies differs from
that used in the earlier profits-concentration literature. |In particular
each study generally focuses on a specific industry and uses observations from
either different tinme periods or different geographic markets. Because they
do not rely on across-industry differences in market structure to identify
conpetitive effects, their inferences about conpetition are less likely to be
bi ased by the across-industry differences in technology that are difficult to
fully control for. Direct studies of output prices also avoid the substanti al
probl ens of accurately neasuring economc profit.?

VWhen exam ning the rel ati onship between price and market structure it is
i mportant to control for variation in production cost across observations. 1In

the majority of studies an observation is a |ocal geographic nmarket, often a

Y'1In his summary of the price-concentration studies, Wiss reports that,
across 212 data sets, 62.8 percent reveal a statistically significant positive
rel ati onshi p between producer concentration and market prices. Another 24.8
percent of the data sets are characterized by a positive, but not
statistically significant, relationship (Wiss (1989), p. 267). Mny of the
studies in this literature are also summari zed i n Schnmal ensee (1989),
Bresnahan (1989), and Werden (1991).

2 See Weiss (1989), p.5-7 and Schral ensee (1989), p.960-966 for
summari es of the neasurement issues.
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city or SMBA, and the price and cost variables are constructed as an average
for the market.® Wiat is lost in this type of data is any information on the
extent of cost or output price heterogeneity anong the producers in the
nmarket.4 However, the presence of w thin-market producer heterogeneity can
af fect the observed rel ati onshi p between the average output price and market
structure. For exanple, if all firms produce a honbgeneous output under
conditions of decreasing returns to scale, but differ in their factor prices
or efficiency levels, then market price is determ ned by the costs of the
| east efficient firm In contrast, the distribution of output will be skewed
toward the | ow cost producers thus generating higher concentration than woul d
be observed if there was no cost heterogeneity. A market price that is
positively correlated with concentration could result if the degree of cost
het erogeneity varied across markets.?®

As new micro data sources have becone available to industri al
organi zati on econom sts, one of the clear facts to emerge is the |arge degree
of within-industry producer heterogeneity. 1In general, it is desirable to
recogni ze this heterogeneity when nodeling output price determnation within a
market. This paper will utilize data on individual manufacturing plants from
the 1977 U. S. Census of Mnufactures and control for producer heterogeneity in
a way that is not possible with market-1evel data. W wll exam ne the

rel ati onshi p between the output price charged by the plant, the plant’'s own

2 Arelated group of studies including Garber and Kl epper (1980, 1986)
and sonme papers in Wiss (1989) rely on across-industry data but focus on
changes in prices and nmarket structure over tine.

4 Borenstein (1989) and Borenstein and Rose (1989) are two studies that
specifically anal yze the extent of output price heterogeneity. They exani ne
variation in airline fares, both across firnms and across passengers within the
same firm on individual city-pair routes.

5> This is simlar to Densetz's (1973) argunment that cost heterogeneity or
other firmlevel efficiency differences are the basis for the positive
correl ati on between concentration and average profitability.



3
producti on costs and demand vari abl es, and the nunber and costs of rival
producers within the plant's service area.

As with the studies in the price-concentration literature, we wll focus
on a single industry in which producers sell in geographically dispersed
markets. Qur application is the bread industry. Because of the need for
producers to deliver the product quickly, the geographic area served by each
plant is generally small. This, conbined with the fixed cost of operating a
di stribution network, suggests that there is some possibility for |ocal narket
power. In addition, the Census of Manufactures data reveal a substanti al
anmount of output price dispersion across plants, yet both the product and the
technol ogy are fairly honbgeneous. This suggests that differences in |oca
demand conditions and market conpetition may play an inportant role in
expl aining price variation anong producers in this industry.®

The enpirical nodel we estimate consists of reduced-formequations for a
plant's output price and output |evel when the plant operates in an
oligopolistic market. The enpirical results indicate that the inportant
determ nants of both the plant's output |evel and output price are the plant's
own costs, particularly its capital stock, and the prices of inportant
material inputs. W find that the nunber of rival producers, the production
costs of these rivals, and the demand conditions faced by the plant play no
role in price or output determ nation. The results are not consistent with
ei ther oligopolistic conpetition or nonopoly behavi or by bread producers.

In the next section of this paper we outline a sinple nodel of short-run
ol igopolistic conpetition that inplies a reduced-formregression nodel simlar

to that used in many price-concentration studies. 1In the third section we

5 1n our sanple of 624 U S. plants that manufacture bread the nmean price
is 34.0 cents per pound in 1977 and the standard deviation is 12.0 cents per
pound. Abbott (1991) also reports a substantial degree of output price
di spersion across U. S. manufacturing plants, even for products defined at the
seven-digit SIC |evel.
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di scuss the plant-1evel Census data and the construction of the plant's
service area. The enmpirical results are presented and discussed in the fourth

secti on.

Il1. A Reduced-Form Model of Short-Run Price Competition

In this section we outline a sinple nodel of short-run price conpetition
in an oligopolistic market that inplies a relationship between the price
charged by a producer, denmand conditions, and the cost characteristics of his
rivals. An enpirical nodel is then developed to exanine if the price and
out put deci sions of individual producers in the U S. bread industry are
systematically related to the nunber of rivals they face or their rival's
producti on costs.

W& begin with a short-run franmework, in which the nunber of plants and
each plant's size are taken as given, and use it to describe the plant's
choice of output price.” Suppose that plant i has a fixed capital stock of
Ki. Short-run production costs for plant i can be represented by the variable

cost function

(1) VC; = VGI(K. W, a;, A)

7 The difference between | ong-run and short-run conpetition is often
nodel ed with a two-stage franework. First, a group of potential entrants
deci de whether to enter a market and what size plant to build. This entry and
capacity decision depends upon the sunk cost of constructing production and
distribution facilities and the expected nature of post-entry conpetition. In
t he second stage each firm chooses price or output with its deci sion dependi ng
upon its production costs and the cost conditions of the other first-stage
entrants. The nodel used here corresponds to the second stage of this
process.
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where W is a vector of fixed prices for all variable inputs, such as | abor
and materials, q; is the plant's output level, and A is an index of
technol ogy for plant i . The variable cost function represents the m ni mum
expenditure on variable inputs needed to produce the output q;, given the
plant's capital stock and technology. It is increasing in variable input
prices and decreasing in the plant's capital stock

On the denmand side each plant produces a differentiated product with the

out puts of other producers being inperfect, but possibly close, substitutes.

It is assuned that plant i faces N-1 other existing plants that sell in the
geographic area that is served by plant i. The demand curve faced by plant i
is

(2) q; = qi(Pi! PiR! X|)
P, is the price charged by plant i, PRis the vector of output prices charged

by its N1 rivals, and X; is a set of exogenous variables that shift the plant
i demand curve. This specification is sufficiently general to all ow changes
inrival prices or the nunber of rivals to alter both the | evel of demand and
the own-price elasticity of demand for plant i. |In general we expect that as
the nunber of rivals increases, or as P, and the el enents of PR becone nore

simlar, plant i's demand elasticity will increase.?

8 Inthis study we rely on a nodel of product differentiation and price
choi ce because of the presence of output price variation in the plant-Ievel
data we utilize. In contrast, nmost of the enpirical price-concentration
studi es assunme that the firns produce a honmbgeneous product. |In particular
the Cournot nodel, with its prediction that market price and the average
i ndustry markup vary positively with the Herfindahl index, provides the
inplicit justification for nost of these studies. Further justification for
the use of the Cournot nodel in a honogeneous output narket is provided by
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Using (1) and (2), short-run profit for plant i can be witten as

(3) Ay = Piag(P, PRX) - VCi(K, W, g (P, PR X), A).

In the short run each of the N plants in the market is assunmed to
si mul t aneously choose its own price to maximze its short-run profits. The

necessary conditions for a Nash equilibriumare

OA. -
(4) GP!:(Pi'PiR' X, K, W, A) =0 r-12.....N

Each plant maxim zes its profits given the prices charged by its rivals. The
N profit-maxim zing conditions (eq. 4) and the N demand curves (eq. 2) faced
by the plants describe the set of short-run profit-maxinzing prices and

out put levels for the N producers.

This structural nodel inplies a reduced-formequation for each plant's
price and output. The argunents of the reduced-formequations are the capita
stock, variable input prices, technol ogy index, and demand shifters for al
the producers. Dividing these variables into two groups, those that pertain
to plant i and those that pertain to all of its N1 rivals, allows the

reduced-formequations for plant i to be witten as

P, = F(X., K., W, A, XiR’ KiR' WR' A\R)

Kreps and Schenkman (1983) who show that a process of two-stage conpetition in
capacities and then prices can |l ead to Cournot outcomes.
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q; = (X, K, W, A, XiR' KiR’ WR A\R)

The variables with R superscripts are vectors over all of plant i's rivals.
The reduced-formequations illustrate, not surprisingly, that in a genera
nodel of oligopolistic conpetition each producer's price and output depend
upon t he demand and cost characteristics of all producers in the market. As a
result, the reduced-form equations sumrari ze a very general process of
oligopolistic price determ nation

In this nodel all interdependence anong producers is enbedded in the
pl ant demand functions and rival variables matter because they can affect
plant i's demand elasticity and markup. Therefore a finding that rival firm
demand or cost variables do not enter the reduced-formprice and quantity
equations inplies a rejection of interdependence through the demand functi ons.
Two very different forces could | ead to an absence of interdependence. 1In the
first case interdependence could be absent because each plant is an
i ndependent nonopolist facing its own demand curve that does not depend on
rival firmprices. |In this case, while the reduced-formregressions will not
depend on the rival variables (X8 KR W, A} they will depend on the plant's
own demand shifters X, as well as its cost vari abl es.

A second reason why rival variables may not matter is that each pl ant
faces a sufficiently |arge nunber of substitute products that the demand
elasticity for its own product is very large. 1In effect, if each plant faces
a horizontal inverse demand curve for its own output then rival cost
conditions will not be determinants of the plant's price. In this case the
price heterogeneity observed across plants should reflect only differences in
the quality of the product and not differences in markups resulting from

variation in demand elasticities. |If an industry's technology is
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characterized by low entry costs for each quality level then highly-elastic
pl ant -1 evel demand curves are probably the industry norm?® The goal of the
enpirical nmodel is to estimate the reduced-form price and quantity equations
and test if demand characteristics or rival plant characteristics are an
i nportant determ nant of a plant's price and output level. The enpirica
i ssue is whether sets of variables inplied by nonopoly or oligopolistic
conpetition enter into the reduced-form price and out put equations.

An al ternative methodol ogy for identifying the presence of
i nt erdependence anong producers in a market has been devel oped by Panzar and
Rosse (1987). They use conparative static techniques to derive the effect of
exogenous input price changes on firmrevenue and show that, in a honbgeneous
out put market, the sumof the elasticities of revenue with respect to input
prices will vary with the nature of conpetition anong firns. This can allow a
researcher to distinguish anong nonopoly, price-taking behavior in the short
run, long run equilibriumin a conpetitive market, nonopolistic conpetition
and certain types of oligopolistic conpetition by exam ning the coefficients
on input prices in a reduced-formrevenue equation. A difficulty with
appl ying this nethodol ogy in a market where producers have heterogeneous costs
and differentiated outputs is that the sign of conparative static effects
cannot generally be derived w thout placing a great deal nore structure on the

demand side of the nodel.® As a result, we prefer to specify reduced-form

® This inplies that it is differences in entry costs or restrictions, and
not differences in the nunber or size distribution of exisiting producers,
that result in variation in markups across geographi c markets.

10 Dixit (1986) derives conparative static results for price, output, and
profit in a duopoly with differentiated products and het erogeneous costs. He
shows, anong other things, that a positive shock to the marginal profits of
one firmwll raise that firms output and | ower rival output. The effects on
both firms' prices are indetermnate.



equations for a general oligopoly nodel and then test exclusion restrictions
on the formof the equation.?!

In order to have sufficient variation in the characteristics of denmand
and rival firms we will exami ne an industry in which markets are | ocal rather
than national. The bread industry in the United States is conposed of a |arge
nunber of plants that each serve a fairly small geographic area. As a result,
t he environnent in which each plant operates, as measured by demand conditions
and the nunmber and cost characteristics of rivals, can vary across individual
plants and this cross-section variation in |local market conditions will be
used to estimate the reduced-formprice and quantity equati ons.

The reduced-form equations inply that each plant's price and out put
depend upon the cost characteristics, such as factor prices and capita
stocks, of each plant that it conpetes with. Enpirically, it will be
necessary to aggregate over each plant's conpetitors in order to devel op
summary measures of the group of rivals faced by each plant. In the next
section we summari ze the data and di scuss neasurenent of each plant's service

area and the characteristics of its conpetitors.

11l1. Data and Measurement Issues

Qur data set consists of observations on individual bread manufacturing
plants that were collected as part of the U S. Census of Manufacturers in
1977. The bread industry (SIC 2051) includes eight five-digit product
categories. W focus on the plants that produce in two of these categories;

bread (20511) and rolls (20512). Together these two product categories

11 Panzar and Rosse (1987) also note that restrictions on the explanatory
vari abl es of reduced-formregressions can be used to distinguish price-taking
behavior in the long run fromnmonopoly. The former inplies that demand
vari abl es do not enter the reduced-form equation. Bresnahan (1989, p.1035-
1037) al so di scusses exclusion restrictions on reduced-formrevenue equati ons.
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account for 65.0 percent of the value of shipnments of the four-digit industry
in 1977. CQur data set consists of observations on 681 plants. These plants
represent approximtely 22 percent of the total nunmber of plants in the
four-digit industry in 1977 but they are responsible for 88 percent of the
total quantity of bread produced and 84 percent of the quantity of rolls.?!2
O these plants, 91.6 percent nanufacture bread and 85.2 percent produce
rolls. Joint production of both products occurs in 76.8 percent of the sanple
pl ant s.

The evolution of the structure of the U S. bread industry is sunmmarized
in Sutton (1991, p.409-411). The industry is conposed of nine national chains
and a | arger nunber of regional chains that operate multiple plants. Conbi ned
with this is a group of single-plant producers. In our dataset 69.5 percent
of the plants are owned by multi-plant firnms. During the 1970's two maj or
nati onal chai ns expanded significantly, often by acquiring |ocal bakers. This
expansi on phase, which covers the year of our data, was often acconpani ed by
aggressive price conpetition that resulted in charges of predatory pricing in
sone | ocal narkets. 3

The purpose of the enpirical nodel is to identify the determ nants of each
plant's price and output level. W wll estimte separate reduced-form

regressions for the bread and roll product categories. The dependent variable

12 The data set was linmted to plants that reported detail ed breakdowns
of their input use because this was necessary to neasure the plant's input
prices. These tend to be the |larger manufacturing plants.

3 |n constrast to this, accusations of price-fixing have been fairly
comon in this industry. Between 1951 and 1980 the Justice Departnent filed
22 price-fixing cases against groups of bread manufacturers (Bl ock and
G abault (1981)), although the nunber of cases dimnished in the 1970's
relative to the two earlier decades. Using city-level data for the period
1964- 1976, Bl ock, Nold and Sidak (1981) find evidence that increased anti-
trust enforcenment reduced the markups charged by bread producers. There were
no price-fixing cases filed that suggest illegal pricing behavior in 1977, the
year of our data. However, if price-fixing was occuring, and the ability to
successfully collude increased with a reduction in the nunber of conpetitors,
then, after controlling for cost differences, prices should be higher in
markets with few conmpetitors
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inthe price regressions will be the average price of bread (Pg) or rolls (Pg
sold by the plant. It is constructed by dividing the plant's revenue in the
product category by the physical quantity, nmeasured in pounds, of bread or
rolls produced. These output prices are thus unit-value indexes for each of
the five-digit products. The quantity reduced-formregressi ons use the
physi cal quantity of bread (qg) or rolls (qgg) as the dependent vari able.

The dependent variables in the regressions are the plant's cost
vari ables, as well as the demand and cost characteristics of rivals in the
plant's output nmarket. The basic cost information for each plant includes the
plant's capital stock, prices of inportant inputs, and nmeasures of age and
mul ti-product production. The plant's capital stock (K) is defined as the sum
of the book val ue of structures and equi pnent. The average hourly wage rate
of production workers (W) is nmeasured as the expenditure on sal aries plus
benefits for production workers divided by their total hours of work. The
annual wage of nonproduction workers (W) is neasured as the expenditure on
sal aries plus benefits for nonproducti on workers divided by the nunber of
nonproducti on workers. The price of flour (W) paid by the plant is
constructed by dividing the expenditure on flour by the physical quantity
consunmed. The price of electricity (W) is nmeasured as the ratio of the
expenditure on electricity to the physical quantity consunmed. The price of
other material inputs (W) is nmeasured as a share-wei ghted average of the

prices the plant pays for several other inputs including yeast, sugar, and fat

and oil. Each of these prices is the ratio of the plant's expenditure on the
i nput to the physical quantity consuned. It is inportant to enphasize that
all input prices are plant-specific.

Several additional variables are included to control for plant

characteristics that may be cost related. A plant's age is included as a
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proxy for the plant's efficiency level or the vintage of its capital stock.
A dummy variable is included to distinguish plants owned by nulti-plant firns.
If there are any cost econom es or di seconomes arising frommulti-plant
operation, such as due to transfers in know edge, managerial skills, or
production information, this variable will proxy for it. Finally, it is
necessary to control for differences in the m x of outputs anong the plants.
Even for what seens |like a fairly honbgeneous product, there is roomfor
i nterplant product differentiation. |In general, each plant produces a range
of outputs, including specialty bread products as well as basic white bread.
It is inportant to note that if plants produce different quality products, or
if the bundle of different bread products varies across plants, this wll
result in plant-level output price heterogeneity even if the plant acts as a
price-taker in the market for each of its products. A set of dummy variables
is included to identify which of the seven-digit bread and roll products are
produced in each plant.*™ In the reduced-formequation for the price of bread
(rolls) the dependent variable is the average price neasured at the five-digit
| evel . The dummy vari ables for the seven-digit bread (roll) products control
for conpositional differences in the bundle of seven-digit bread (roll)

products across plants. The dunmy variables for the roll (bread) products in

4 Dunne, Roberts, and Sanuel son (1989) find that plant age is an
i nportant correlate of both plant failure rates and growth rates in a way that
is consistent with efficiency differences across plants and a process of
mar ket sel ecti on.

15 The five seven-digit bread products included in SIC 20511 are: white
pan bread, white hearth bread including French and Italian, wheat bread, rye
and punpernickel, and other variety bread including raisin and potato. The
six roll products included in SIC 20512 are: hanburger and hot dog rolls,
brown and serve rolls, english nuffins, hearth rolls, other bread type rolls,
and stuffing and croutons.
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the bread (roll) equation capture any price effects resulting from econom es
of scope in production.?®

The theoretical nodel predicts that in an oligopolistic market the
plant's price and output will depend on the characteristics of the other
plants that it conpetes with. In any enpirical study it is necessary to
define the market that is relevant. Mbst enpirical studies in this literature
define a specific geographic area such as an SMSA and t hen neasure the average
price over all producers, assum ng the output is honbgeneous, within the
defined area. Once a geographic area is defined then producers who lie just
outside this area, and who may sell or be able to sell in this area if output
prices rose, are assunmed to have no effect on observed price. Rather than
define a specific geographic area as the output market to study, we recognize
that in the Census data the output price we observe for each plant is the
average output price over all sales in whatever geographic area the plant
serves. |If plants are interdependent then it is the characteristics of the
other plants that could serve all or part of the sane area that are rel evant
for explaining the plant's output price. As a result, to explain output price
variation at the plant level we do not want to neasure the extent of
conpetition within a given city or SMSA, but rather the conpetition faced by
each plant in the area it services.

In general nost plants serve a fairly small geographic area. According
to the 1977 Census of Transportation, 70 percent of all bread is shipped |ess
than 100 nmiles and 85 percent is shipped | ess than 200 mles. W define two
possi bl e service areas for each plant. The primary service area consists of

the area within a 50 mle radius of the plant while the secondary service area

¥ |f there are econonies of scope in the production of bread and rolls
then plants that produce rolls will have | ower margi nal costs for bread. The
m x of outputs to produce is ultimately a decision variable for the plant. W
ignore this issue here and treat the decision of which seven-digit products to
manuf acture as predeterm ned.
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is the area between a 50 and 125 mle radius. 1In order to explain plant i's
out put price and quantity we will include variables that measure demand in
both its primary and secondary service area and the cost characteristics of
all rival plants whose service areas overlap with plant i's. W include
i nformati on on both primary and secondary service areas because we do not know
t he exact area served by each plant and this is one way to allow the data to
identify the rel evant area over which the firmconpetes. Most plant sales
should fall in the primary service area and so we woul d expect that, if
i nt erdependence exists, a plant's price will be nore heavily affected by the
rivals inits primary service area rather than its secondary service area. The
regression coefficients are allowed to differ for the two service areas to
capture this possibility.

To identify the primary and secondary service areas enpirically we rely
on geographic information collected by the U S. Census Bureau. The Census of
Manuf actures identifies the county and "place" in which each plant is
| ocated. ! They also construct the longitude and latitude at the popul ation
centroid for each county and place. Using this geographic information it is
possible to locate all other places and counties whose popul ation center lies
within a specified radius of the county or place of interest. W neasure the
plant's primary service area to consist of all places whose popul ati on center
iswithin a 50 mle radius of the population center for the place in which the
plant is located. The secondary service area consists of all places whose
popul ation center is within a 50 to 125 mle radius of the center of the place
in which the plant is |ocated.

W define two groups of potential rival producers for each plant. The

first group, or primary rivals, consist of all plant's whose primary service

7 The plant's "place" is a nore disaggregated geographic identifier
than the county and roughly corresponds to the city or town in which the plant
is located. There are 10,132 different places, conmpared with 3149 counties,
identified in the census data.
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area overlaps with any part of the plant's prinmary service area. These are
identified as all plants located in places whose popul ation center is within
100 miles of the center of the place in which the plant of interest is
located. Simlarly the group of secondary rivals is defined as all plants
whose secondary service area overlaps with the secondary service area of the
plant, that is all plant's located in places whose popul ati on center is
bet ween 100 and 250 miles of the center of the place in which the plant is
| ocat ed.

It is inmportant to note how this process of market definition differs
fromthe approach used in nost studies of geographic nmarkets. W do not
define specific geographic markets and then attenpt to explain price formation
within that area as a function of the nunber of producers in the area.

Instead we define service areas for each plant and then attenpt to explain the
plant's observed price as a function of the nunber and characteristics of the
other plants that could also supply this service area. By defining both
primary and secondary service areas we recognize that close rivals are nore
likely to conpete directly with the plant and thus nore likely to affect the
out put price observed in the census data.

Once the set of primary and secondary rivals are defined for each pl ant
we construct summary neasures of them The nunber of primary and secondary
rivals are included as two explanatory variables in the reduced form
regressions.® To account for rival firmcosts the total capital stocks of
primary and secondary rivals are included as explanatory variables. W also
i ncl ude wei ghted averages of the rival plant production worker wage rate,
price of flour, price of energy, and price of other materials for both primary
and secondary rivals. 1In all cases each primary rival's factor prices are

wei ghted by their share of primary rival capital stock. Similarly, each

8 The set of rivals includes all bread or roll producers wthin the
service area and not just the plants included in our sanple.
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secondary rival is weighted by their share of the capital stock of al
secondary rivals.

The Census Bureau also collects detailed informati on on popul ati on and
i ncome at the county level and we use this to construct plant-I|evel demand
variabl es. Demand characteristics of the primary and secondary service areas
are neasured using the popul ation and per-capita inconme in the counties that
fall in these service areas. Population is nmeasured by sunm ng the popul ation
of all counties in the service area. Per-capita inconme is neasured as the
shar e-wei ghted sum of the per-capita income of each county included in the

service area. The share weights are popul ati on shares.

V. Empirical Results
A. Basic Reduced-Form Model

Sunmmary mneasures of the plant output prices, disaggregated by the nunber
of rival plants in their primary service area, are presented in Table 1. The
mean prices of bread and rolls and the standard errors of the neans are
reported. The nean price of bread declines from37.7 cents per pound to 31.7
cents per pound as the nunber of rivals increases fromzero to five. Beyond
five conmpetitors the mean price of bread rises with further increases in the
nunber of rival producers. The sane pattern is evident in the price of rolls.
The price declines from40.3 cents per pound to 36.5 cents per pound as the
nunber of conpetitors increases fromzero to twd. Beyond that the price of
rolls rises with further increases in the nunber of rivals until it reaches a
hi gh of 50.6 cents per pound for the |argest category, nore than 100 rivals.
VWile Table 1 reveals sone evidence that plants that face a small nunber of
rivals have |l ower prices than plants that face no rivals, there is no evidence
of a monotonic rel ationship between the plant's price and the nunber of rival

producers it faces.
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The trend in prices revealed in Table 1 is likely to reflect trends in
pl ant-1evel production costs. To see if costs exhibit a simlar pattern with
respect to the nunber of rivals the last colum of Table 1 reports the nean of
the plants' average variabl e cost disaggregated by the nunber of rivals.?®
The nmean of average variable cost exhibits the same pattern as the nmean out put
prices. It declines from27.7 cents per pound for plants that face no rivals
to 24.7 cents per pound for plants that face five rivals. Beyond that point
average variable cost rises to 32.3 cents per pound for the largest rival
category. Thus rmuch of the pattern in output prices seens to reflect the
pattern in average variabl e cost.

One final point to notice in Table 1 concerns the nunber of conpetitors.
In the case of bread, of the 624 plants in the sanple 471 of them have at
| east 10 ot her bread-produci ng plants whose prinmary service area overlaps with
their omn. Only 13 plants have no other producers that overlap with their
primary service area. VWile this may indicate that our definition of the

primary service area is too large, it is useful to note that nost of the

9 Variable cost is the sumof the plant's expenditure on | abor, both
wages and suppl enental |abor costs, and material inputs, including flour
sugar, yeast, fat and oils, and electricity. Because nost plants produce
mul tiple products, including bread and rolls and often other baked goods I|ike
cakes or pies, it is not possible to clearly define a neasure of total plant
out put or average variable cost. |In this case we assune that bread and rolls
are perfect substitutes and add the physical quantity of each to produce a
singl e out put neasure. W do not have physical quantity neasures for the
ot her baked goods produced in the plant, however, we nmust attenpt to control
for them when constructing a neasure of plant output. W use the proportion
of a plant's value of shipments that is accounted for by bread and rolls to
scale up the quantity of bread and rolls into a total output neasure. In
effect this uses the weighted price of bread and rolls in the plant as a
deflator for the value of shipnents of other baked goods which are then sumed
with the quantity of bread and rolls to construct plant output. This
procedure only affects the average variable cost neasure used in this paper
Thi s problem coul d be avoi ded by estimating a full structural nodel of the
producti on and pricing decision that would include estimation of the
mul ti product cost function. Fromthis, product-specific estimtes of margina
cost could be constructed for each plant and conmpared with the plant's prices.
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plants in our sanmple will face a fairly substantial nunber of rival
producers. 2°

In order to control for both cost and the nunmber of conpetitors as
determ nants of a plant's output price and |l evel we estimate the reduced-form
equations. The explanatory variables are divided into three groups; the
plant's own cost variables, the nunber and cost characteristics of the rival
producers in the plant's service area, and the demand characteristics.

Because we cannot neasure the characteristics of rivals for the thirteen

pl ants that have no conpetitors in their primary service area these plants are
not used when estimating the reduced-formregressions.?  The paraneter
estimates are reported in Tables 2 and 3. To sinplify the results, we only
report themfor the regressions that just include the primary group of plant
rivals rather than both the primary and secondary groups. Wen the secondary
group of rivals are included all of their coefficients are individually and
jointly insignificant and their inclusion had no effect on the reported
results for the other variables.

Focusing first on the price regressions, sone clear patterns energe. O
the three groups of variables the only one with any statistically significant
effect on either output price is the group of own cost variables, particularly
the plant's own capital stock, factor prices, and product dumm es. None of

the rival plant characteristics, including the nunber of rival plants, and

2 |In their studies of the conpetitive effects of entry using isolated
geogr aphi ¢ markets, Bresnahan and Reiss (1987, 1991) find evidence of an
increase in the conpetitiveness of the market as the nunmber of producers
i ncreases fromone to two or three. They find very little additiona
conpetitive effects of entry once there are approximately three producers in
nmost markets. If that pattern characterizes conpetition in the bread industry
t hen nost of our sanple observations will be well beyond the point where an
i ncrease in the nunber of conpetitors will have any effect on output price.

2L A few additional plants are del eted because sone vari abl es are not
reported. The sanple used to estimate the regressi ons contains 608 bread
produci ng plants and 564 roll producers.
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neither of the demand variables are statistically significant in either
reduced-form price regression

Among the plant's own cost variables, the capital stock has a significant
negative effect in both price regressions. This is consistent with higher
capital stocks reducing short-run or variable costs and thus prices in
conpetitive markets. The wage rates for production workers have a
statistically insignificant effect on prices. Nonproduction worker wages have
a negative effect on the output price of both products and the coefficient in
the bread equation is statistically significant. The negative coefficient is
surprising since higher factor prices will result in higher output prices
under nost market structures. The nost likely explanation is that the
observed wage rates for non-production workers reflect differences in worker
quality.? |f the plants that pay hi gher wages al so purchase higher-quality
| abor inputs then they may actually have | ower average variable costs, and
thus prices, then their | owwage counterparts. The prices of the nmajor
i nternedi ate inputs, flour and other materials, have the expected positive
sign in the price regressions.? The dummy variables that reflect the m x of
seven-digit products produced in the plant are often statistically
significant. 1In the bread equation, plants that produce specialty products,
like raisin bread, have higher average bread prices. Simlarly, in the rol

equation, plants that produce specialty products or hearth rolls have higher

22 A very robust finding in the labor literature is that wage rates rise
with plant size and, in their review of the enpirical studies, Brown and
Medof f (1989) report that differences in worker quality is the nost likely
expl anat i on.

2 The price of electricity also has a negative coefficient in the price
regressions and it is statistically significant in the rolls equation. This
could result if plants that face high electricity prices use other fuels, such
as natural gas, to run the baking ovens. To check this possibility we
estimated the nodel on a subset of the plants for which natural gas prices
were available. Even after controlling for the gas price, the coefficient on
the price of electricity remained negative.
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average roll prices.? The renaining plant characteristics, age and the
dunmmy variable for multiple plant ownership, are not statistically
significant.

I ndi vidual |y none of the coefficients nmeasuring the effect of the plant's
rivals inits primary service area or the demand conditions are statistically
significant. The coefficient on the nunmber of rival producers is negative in
the equation for the price of bread but posititive in the rolls equation. In
both cases the coefficients are very small and they are far fromstatistically
significant. The first columm of table 4 reports the test statistics for the
hypot hesi s that the coefficients on the rival plant variables are jointly
equal to zero. The test statistic takes the value .692 in the bread price
regression and .796 in the roll price regression. |In both cases we do not
reject that rival producers have no effect on the plant's output prices.?

The last three columms of table 4 report test statistics for the hypotheses
that the characteristics of the plant's primary and secondary rivals jointly
have no effect (colum 2), that the demand characteristics jointly have no
effect (colum 3), and that primary rivals, secondary rivals, and demand

characteristics jointly have no effect (colum 4). 1In each of these three

24 There is also sonme m xed evi dence on the presence of econoni es and
di seconom es of scope. Plants that produce hanburger rolls have | ower bread
prices, but plants that produce hearth rolls have higher bread prices. This
may reflect specialization of some plants into high-volunme, |owvalue products
such as white pan bread and hanmburger rolls, while other plants produce
hi gher - val ued specialty bread and roll products.

2 This does not result fromnulticollinearity between the own and rival
variables. Wthin the sanple the factor prices faced by a plant are not
highly correlated with the average factor prices faced by the rival producers
intheir primary service area. For exanple, the sinple correlation between
the own and rival price of flour is only .064 in the sanple. The sinple
correlations for the own and rival wage rates, electricity prices, and
material prices are .297, .353, and .055, respectively. To further check the
possibility that the finding is driven by an inability to precisely
discrimnate between own and rival cost variables, we reestinmated the nodel
after deleting all the own cost variables. Even in this case we cannot reject
the hypothesis that the rival variables jointly have no effect on the plant's
out put price or quantity.
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cases the unrestricted nodel contains the variables for both primry and
secondary rivals. The only hypothesis that is rejected is that the price of
rolls is unaffected by primary rivals, secondary rivals, and demand
conditions. However, as reported in colums 2 and 3, we cannot reject that
both the rival variables and demand vari abl es al one have no effect.

Overall, the reduced-formprice regressions reveal a sinple pattern
Large plants, as nmeasured by capital stock, and plants with [ower prices for
their raw materials, particularly flour, have | ower output prices for both
bread and rolls. The nunber of rival plants in the primary and secondary
service area, the cost conditions of those rivals, and the denand
characteristics in the primary and secondary service area have no effect on
output prices. The results are inconsistent with a general nodel of
ol i gopolistic conpetition or nonopoly.

These concl usions are al so supported by exam ning the reduced-form
regressions for the outputs of bread and rolls, reported in Table 3. In the
out put regressions only the coefficients for the plant's own cost vari abl es
are statistically significant. Anong the plant's cost variables the pattern
of coefficients is sinple. Larger plants, neasured by capital stock, plants
wi t h hi gher wages, older plants, and plants owned by multi-plant firns have
| arger output levels of both products. Plants with higher prices for
i nternediate inputs, including flour, electricity, and other materials, have
smal l er quantities of output. Mbst of these coefficients are statistically
significant. The product dumm es indicate that the bread plants produci ng
white pan, rye, and wheat breads tend to be significantly larger than plants
produci ng hearth breads and specialty products. There are no significant size
differences, with variation in the m x of outputs produced, anong the rol
pr oducers.

Coefficients for the rival plant characteristics and demand

characteristics are not individually different fromzero. Test statistics
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reported in Table 4 also reveal that the coefficients on the rival and demand
characteristics are not jointly different from zero.

Overall the reduced-form price and quantity regressions do not provide
any support for short-run oligopolistic conpetition anong plants wth
differentiated products in the bread industry. The quantity equations
indicate that variations in output levels are determned by differences in the
plant's own cost variables, as would be the case for plants that acted as
price-takers in the output market. The price equations indicate that there is
pl ant-1evel variation in output prices and that this variation is correl ated
wi th plant production costs and product m x, but not with demand or rival
producer characteristics. This is consistent with the view that each pl ant
produces a different bundl e of bread products but that the demand el asticity
they face is very high

Gven the finding that prices and output levels are primarily determ ned
by a producer's own costs it is useful to exam ne the reduced-formregression
for the plant's average variable cost. Do the exogenous variables that inmply
| ower output prices also inply |ower average cost? The reduced-form
regression for the |l og of average variable cost is reported in the |ast columm
of Table 3.2¢ Focusing on the significant coefficients, the results indicate
that a higher capital stock and a |lower flour price reduce average cost as
expected. Both factors also lead to significantly |ower output prices. The
product-m x dummy vari abl es al so reveal a clear pattern. Plants that produce
wheat bread have | ower average costs and plants that produce specialty breads,
hearth rolls, and specialty rolls have higher average costs. These cost
differences are identical to the pattern of price differences anong products

reported above. |In addition, none of the rival cost variables or denmand

26 As described in footnote 19, this assunmes that bread and rolls are
perfect substitutes and the quantities of each can be sumed into a single
out put neasure.
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variables are significantly correlated with the plant's production costs.
Overall, the pattern of plant-level average cost variation closely nmirrors the

variation in output prices.

B. Alternative Model Specifications

The results reported in Tables 2 and 3 are based on a nodel that assunes
the price of output is a linear function of the nunber of potential rival
firms. W estimate two additional nodels to check the sensitivity of our
finding that the nunber of rivals has no effect on price. The first allows
for a (piecewi se) nonlinear relationship between the output price and the
nunber of rivals by replacing Nin the regression equations with a set of
dunmmy vari ables for the nunber of rivals. The second Iimts the sanple of
plants to those that face 10 or fewer rivals. The findings of Bresnahan and
Rei ss (1991) indicate that in several service industries an increase in the
nunber of firms results in increased conpetition, but only when there are a
smal |l nunber of firns. By limting the sanple to plants that face 10 or fewer
rivals we focus directly on the plants in which an increase in the nunber of
rivals is nost likely to have a negative effect on price.

To allow for a nonlinear relationship between the nunmber of rivals and
out put price we include a set of seven dummy variables to distinguish the
nunber of rival producers. Rather than report a separate table of results, we
will briefly describe the results of these regressions. In the regressions
for the price of bread, the dummy-variable coefficients indicate that,
relative to the base group of plants with 1 or 2 rivals, increases in the
nunber of rivals have a negative effect on price. However, of the individua
coefficients none are statistically significant at the .05 level and only the
one for the group of plants with 3 to 5 rivals is significant at the .10
level. We cannot reject the hypothesis that the dumry-variable coefficients

are jointly equal to zero. The evidence fromthe regressions for the price of
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rolls is even less striking. None of the dunmy-variable coefficient are
individually or jointly different than zero.?

Limting the sanple to plants with 10 or fewer rivals al so has no
substantial effect on the reported results. In the runs which include the
nunber of rivals N as the explanatory variable we cannot reject the hypothesis
that all rival variables are jointly equal to zero in the price, quantity, and
average cost regressions. Overall, these checks on the regression
specification support the earlier findings that the nunber and cost
characteristics of rivals have no significant effect on the price or quantity
of bread and rolls at the plant |evel.

An addi tional robustness check involves a redefinition of the output
category. Rather than defining the output of bread as the sumof the five
seven-di git product categories, we focus only on the one seven-digit product,
whi t e-pan bread, that accounts for the majority of industry output. W
estimated the basic reduced-form nodel given in equation 5 using the plant's
out put and price for white-pan bread as the dependent variables. Again we do
not reject the hypotheses that rival variables and demand variables jointly
have no effect the price or quantity of output. The regression coefficients
for the own cost variables are the only ones significant in these regressions
and the coefficients are very simlar to those reported in Tables 2 and 3. W
concl ude that our finding of no interdependence anong producers is robust to
t he product definitions used.

VWile the focus of this study has been on plant-level factors, as a fina
check we exanmine if there is any systematic firmlevel variation in the prices

of the outputs. As reported in Tables 2 and 3, dummy variabl es for

27 \We al so cannot reject the hypothesis that the dummy vari abl e
coefficients are jointly equal to zero in the regressions for the quantity of
bread and quantity of rolls. W do reject that they are all equal in the
regressions for average variable cost. |In the latter case the pattern of
coefficients indicates significantly | ower average cost for the group of
plants with 3 to 5 rivals.
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mul ti pl e-plant ownership are not significant in the output price and average
vari abl e cost regressions but are significant in the quantity of bread
regression. These indicate that plants owned by nulti-plant firnms, which
i ncl ude the national and regional producers, are |larger, but have simlar
average variable cost and prices to single-plant producers.

To explore the possible inportance of firmeffects further, dummy
variables are included in the output price regressions to distinguish the
fifteen firns with the |largest nunber of plants in the sanple. These are the
maj or national and regional bread manufacturers. O the fifteen firm
coefficients that are estimated, approximately half are negative and half are
positive. Several of the coefficients are statistically significant and we
reject the hyptheses that they are jointly equal to zero in the output price
regressions. |In the equations for the quantity of output we do not reject the
hypot heses that the firmeffects are jointly equal to zero. COverall, these
results suggest that there are no firmspecific differences in the size of
bread manufacturing plants but that there are firmdifferences in the prices
of bread and rolls. The prices charged by the major producers, however, are

not uniformy higher or |ower than those charged by the smaller producers.

V. Summary and Conclusions

Thi s paper uses micro data for U S. bread manufacturing plants in 1977 to
study the relationship between the plant's output price, its own production
costs, and the nature of demand and the cost characteristics of other
manufactures in its service area. The results indicate that both the quantity
of bread and rolls produced, as well as their prices, vary systematically with
the plant's own cost variables, particularly its capital stock and the prices
of inportant raw materials. Variables representing demand characteristics in

the plant's service area and variables representing the nunber and production
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costs of rival producers do not have statistically significant effects on
either the plant's output prices or quantities. The results are not
consistent with either nmonopoly pricing or oligopolistic conpetition anmong
bread producers. They appear nost consistent with a nodel of price-taking
behavi or by individual producers conbined with output-quality differentials
across producers.

One factor that we cannot explore with a single cross-section of plants,
but that is likely to be inportant in explaining these results, is the ease of
entry into this industry. |If the sunk costs of entry are uniformy |ow across
the observations in the data then the actual nunmber of conpetitors should be
irrelevant in explaining variation in output prices. The fact that output
prices are only determ ned by the plant's own costs, regardl ess of the nunber
or characteristics of other suppliers that can sell in the service area,
suggests that easy entry may be an inportant constraining factor for producers
inthis industry. |In the bread industry, entry can occur not only from new
plants but fromexisting plants that alter the mx of outputs they produce and
fromexisting plants that alter the geographic area they service. The
possibility of entry fromall three of these sources may be sufficient to

constrain the pricing behavior of the incunbent producers.



Table 1
Summary Statistics: Qutput Prices and Average Vari abl e Cost
(standard error of the nean in parentheses)

Price of Bread Price of Rolls Aver age Vari abl e Cost
Nunber Nunber Mean Nunber Mean Nunber Mean
of rival of (st. error) of (st. error) of (st. error)
pl ant s observa- observa- observa-
in tions tions tions
pri mary
service
ar ea
0 13 . 377 (.024) 13 . 403 (.029) 13 . 277 (.017)
1-2 20 . 331 (.019) 17 . 365 (.023) 20 . 255 (.013)
3-5 45 . 317 (.017) 39 . 372 (.019) 47 . 247 (.013)
6-10 75 . 337 (.012) 73 . 373 (.014) 82 . 276 (.013)
11-20 178 . 341 (.008) 166 . 416 (.011) 188 . 261 (.006)
21-50 143 . 375 (.010) 136 . 471 (.016) 158 . 312 (.012)
51-100 90 . 374 (.013) 85 . 481 (.020) 105 . 317 (.012)
> 101 60 . 385 (.014) 51 . 506 (.024) 68 .323 (.017)
Tot al 624 . 356 (.004) 580 . 439 (.007) 681 . 289 (.005)
Mor e 471 . 363 (.005) 438 . 456 (. 008) 519 . 296 (. 006)
than 10
rivals

Prices and average variabl e cost neasured as $ per |b.



Table 2
Coefficients for Reduced Form Price Equations
(standard errors in parentheses)

Log Price Bread Log Price Rolls
Intercept -2.295 (1.041)" -3.040 (1.282)"
Own Plant Characteristics
log K - .029 (.006)" - .020 (.008)"
log W, .006 (.038) - .026 (.047)
log Wy - .068 (.026)" - .050 (.030)
log W .136 (.037)" .132 (.042)"
log We - .006 (.037) - .135 (.047)"
log W, .043 (.020)" .031 (.023)
Age 1 .037 (.049) .079 (.055)
Age 2 - .042 (.044) - .038 (.049)
Age 3 - .036 (.043) .065 (.055)
Multiple plant dummy .014 (.030) 070 (.037)
Product class
dummies
B1 White Pan Base category 005 (.042)
B2 Hearth - .009 (.024) .013 (.031)
B3 Wheat - .032 (.029) .003 (.037)
B4 Rye, Pump. - .015 (.028) - .111 (.035)"
B5 Specialty .094 (.025)" .064 (.031)"
R1 Hamb, Hot Dog - .056 (.027)" Base category
R2 B. Serve - .031 (.025) - .001 (.029)
R3 Muffins .044 (.036) - .027 (.038)
R4 Hearth .132 (.034)" .190 (.039)*
R5 Specialty .017 (.025) .078 (.029)"
R6 Stuffing - .002 (.032) .034 (.036)
Primary Rival
Characteristics
N - .001 (.001) .0001 (.0007)
log K .015 (.016) .007 (.020)
log W, .091 (.093) .056 (.119)
log W .063 (.069) .015 (.084)
log We .041 (.067) .131 (.079)
log W, - .005 (.035) .034 (.043)
Demand Characteristics
Population .013 (.021) .023 (.026)
Per-Capita Income .031 (-132) -140 (.162)
Sample size 611 567

33 .220 .238
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Mean Dep. Var. -1.077 - .880

N

F .252 .291

All regressions include dummy variables to distinguish nine census geographic regions.



Intercept

Own Plant
Characteristics

log K
log W,
log Wy
log W
log W
log W,
Age 1
Age 2
Age 3

Multiple plant

dummy

Product class
dummies

B1 White Pan
B2 Hearth
B3 Wheat

B4 Rye, Pump.

B5 Specialty

R1 Hamb, Hot Dog

R2 B. Serve
R3 Muffins
R4 Hearth

R5 Specialty
R6 Stuffing

Primary Rival
Characteristics

N

log K
log W,
log W
log W
log W,

Demand Characteristics

Population

Per-Capita Income

Table 3
Coefficients for Reduced Form Quantity and

Average Variable Cost Equations

Log Quantity Bread

Log Quantity
Rolls

Log Average
Variable Cost

7.929 (3.877)"

.318 (.024)"
.264 (.141)"
.599 (.098)"

.892 (.139)"

.020 (.138)
- .041 (.073)"

492 (.184)"

.096 (.165)
- .614 (.159)"
.325 (.112)"

Base category
- .334 (.088)"
.409 (.109)"
.030 (.104)
- .089 (.093)
.028 (.101)
.194 (.093)"
- .180 (.133)

.181 (.126)

.338 (.094)"
.279 (.119)"

.004 (.002)

.050 (.061)
.199 (.348)
.130 (.268)

.198 (.246)

.213 (.131)

.001 (.079)
.056 (.494)

10.692 (4.710)"

.357 (.030)"
.064 (.174)
.513 (.110)"

.831 (.154)"
.081 (.173)"

- .016 (.085)

.276 (.201)

.140 (.181)
- .541 (.201)"
.017 (.135)

.096 (.156)
- .214 (.113)

.084 (.137)
.239 (.128)"
- .334 (.115)"
Base category

.187 (.107)

.189 (.141)
- .037 (.145)
- .145 (.105)
.064 (.131)

.005 (.003)
.020 (.072)

.439 (.411)
.116 (.308)

.024 (.291)

.085 (.158)

.083 (.096)

.220 (.596)

-2.232 (1.240)

.027 (.007)"

.052 (.043)
- .014 (.029)
.190 (.041)"

.006 (.043)
.015 (.021)
.050 (.055)

.066 (.048)
- .005 (.050)

.037 (.035)

Base category

.007 (.028)

.085 (.035)"

.022 (.034)
.086 (.030)"
- .030 (.031)

.002 (.030)
- .023 (.040)
.227 (.040)"
.073 (.029)"
.034 (.037)

- .001 (.001)
.004 (.019)
.106 (.110)
.072 (.082)
.044 (.078)
.080 (.042)

.024 (.025)
- .081 (.158)
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Sample size 611 567 665
R .636 497 .234
Mean Dep. Var. 8.952 8.046 - 1.308
F .941 1.067 .308

All regressions include dummy variables to distinguish nine census geographic regions.



Table 4
Hypot hesi s Tests:
Val ues of the F-statistic

Dependent No Effect of No Effect of No Denmand No Rival or

Vari abl e Primary Primary or Effects Denmand
Ri val s Secondary Effects

Ri val s

Log price . 692 1.177 . 433 1.112

br ead

Log price . 796 1.378 1. 266 2. 096"

rolls

Log quantity 1.081 . 883 . 438 . 856

br ead

Log quantity . 992 1. 261 1.119 1. 250

rolls

Log average . 922 1.087 . 385 1. 145

vari abl e cost

Nunber of 6 12 4 16
restrictions

"Rej ect hypothesis at .05 significance |evel.
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